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1. INTRODUCTION {#cam43044-sec-0005}
===============

Pancreatic ductal adenocarcinoma (PDAC) has a dismal prognosis,[^1^](#cam43044-bib-0001){ref-type="ref"} despite progress in diagnosis and treatment. PDAC treatment differs depending on whether the patient has a localized primary tumor or distant metastasis. Although surgical resection is the only potential curative treatment for PDAC patients without distant metastasis, the proportion of resectable PDAC at the time of diagnosis is approximately 20%‐30%.[^2^](#cam43044-bib-0002){ref-type="ref"} Local resectability is determined on radiography, and primary PDAC is defined based on the tumor extent considering vascular involvement as follows: potentially resectable PDAC (R‐PDAC), borderline resectable PDAC (BR‐PDAC), and unresectable PDAC (UR‐PDAC).[^3^](#cam43044-bib-0003){ref-type="ref"}

Postoperative adjuvant chemotherapy is the standard treatment for patients with curative resected PDAC, as it improves prognosis.[^4^](#cam43044-bib-0004){ref-type="ref"} Furthermore, neoadjuvant therapy (NAT) increases the probability of R0 resection for UR‐PDAC and BR‐PDAC and performing curative resection improves prognosis.[^5^](#cam43044-bib-0005){ref-type="ref"} Among R‐PDAC patients, NAT decreased the recurrence rate and improved prognosis.[^6^](#cam43044-bib-0006){ref-type="ref"} Additionally, we reported the utility of neoadjuvant chemoradiotherapy (NACRT) for PDAC.[^7^](#cam43044-bib-0007){ref-type="ref"}, [^8^](#cam43044-bib-0008){ref-type="ref"}, [^9^](#cam43044-bib-0009){ref-type="ref"}

The Response Evaluation Criteria in Solid Tumors (RECIST) guideline[^10^](#cam43044-bib-0010){ref-type="ref"} is followed for determining the anatomical target\'s tumor reduction ratio using CT images in order to evaluate treatment effect in many cancers. An abdominal contrast‐enhanced CT (CE‐CT) is widely used to evaluate the effect of NAT and prediction of resectability of PDAC.[^11^](#cam43044-bib-0011){ref-type="ref"} However, PDAC's treatment effect is not evaluated appropriately using CT,[^12^](#cam43044-bib-0012){ref-type="ref"} and only 5% of studies used RECIST for PDAC.[^13^](#cam43044-bib-0013){ref-type="ref"}

^18^F‐Fluorodeoxyglucose positron emission tomography (^18^F‐FDG‐PET) has advantages over CT because FDG uptake reflects tumor cell viability; moreover, FDG‐PET is superior to the RECIST for evaluating the treatment effect in various cancers.[^14^](#cam43044-bib-0014){ref-type="ref"}, [^15^](#cam43044-bib-0015){ref-type="ref"} The Positron Emission Tomography Response Criteria in Solid Tumors (PERCIST)[^16^](#cam43044-bib-0016){ref-type="ref"} using FDG‐PET to evaluate the treatment effect is useful for some cancers.[^17^](#cam43044-bib-0017){ref-type="ref"}, [^18^](#cam43044-bib-0018){ref-type="ref"} Some studies have evaluated the changes in the PET/CT parameters after NAT in PDAC,[^19^](#cam43044-bib-0019){ref-type="ref"}, [^20^](#cam43044-bib-0020){ref-type="ref"}, [^21^](#cam43044-bib-0021){ref-type="ref"} but only few studies have evaluated the therapeutic effect of NAT using PERCIST.[^22^](#cam43044-bib-0022){ref-type="ref"}

The metabolic tumor volume (MTV) measured on FDG‐PET/CT reflects tumor cell activity and is associated with the prognosis of various cancers and locally advanced PDAC.[^23^](#cam43044-bib-0023){ref-type="ref"}, [^24^](#cam43044-bib-0024){ref-type="ref"}, [^25^](#cam43044-bib-0025){ref-type="ref"} In addition, MTV changes before and after NAT are prognostic factors in esophagus cancer,[^26^](#cam43044-bib-0026){ref-type="ref"} but to the best of our knowledge, they have not yet been reported as prognostic factors in PDAC patients who underwent NAT followed by surgery.

This study aimed to confirm the usefulness of PERCIST for evaluating the treatment effect based on the pathological treatment response (PTR) and to analyze the prognostic utility of FDG PET/CT parameters in PDAC patients who underwent NAT followed by surgery over a 5‐year period at our hospital.

2. MATERIALS AND METHODS {#cam43044-sec-0006}
========================

2.1. Patients {#cam43044-sec-0007}
-------------

Sixty‐five consecutive patients underwent NAT for PDAC between January 2014 and October 2018 at Keio University Hospital. Inclusion criteria encompassed patients with histologically confirmed PDAC who underwent NAT followed by pancreatectomy. Among the 65 patients, 42 underwent pancreatectomy and were included in this study. Exclusion criteria removed patients who did not undergo FDG PET/CT before or after NAT using the same protocol. Among the 42 patients, 22 underwent both FDG PET/CT and CE‐CT before and after NAT using the same protocol. In all 22 patients, tumor resectability was evaluated using CE‐CT and FDG PET/CT approximately 2‐3 weeks before the initiation of NAT and approximately 2‐3 weeks after the completion of NAT, which included three cycles of neoadjuvant chemotherapy (NAC) or one cycle of NACRT. The patients underwent surgery approximately 30 days after NAT.

According to our institutional protocol, two NAT strategies were used: (a) the NACRT regimen comprising a combination of chemotherapy (concurrent TS‐1, cisplatin, and mitomycin) and radiotherapy (planned total dose, 40.0 Gy of external beam radiation therapy \[40.0 Gy per 20 fractions\])[^7^](#cam43044-bib-0007){ref-type="ref"}, [^8^](#cam43044-bib-0008){ref-type="ref"} and (b) NAC alone (gemcitabine and nab‐paclitaxel).

We conducted this retrospective observational study using the "opt‐out" method. The study was approved by the Human Experimentation Committee of our institution (No. 20120443), who waived the requirement for informed consent.

2.2. RECIST {#cam43044-sec-0008}
-----------

CE‐CT images were retrospectively reviewed by two experienced radiologists (each with more than 8 years of experience in CT analysis) who were blinded to the other imaging results and clinical and histopathological data. Anatomical changes using CE‐CT were evaluated as described in RECIST version 1.1[^10^](#cam43044-bib-0010){ref-type="ref"} as follows: progressive disease (PD), \>20% increase in tumor dimensions or the appearance of metastases; stable disease (SD), \<30% shrinkage or \<20% increase; partial response (PR), \>30% decrease; and complete response (CR), complete disappearance of the primary target tumor. According to these categories, patients were considered responders (PR and CR) and nonresponders (PD and SD).

2.3. FDG PET/CT protocol {#cam43044-sec-0009}
------------------------

FDG PET/CT examinations were performed before the initiation of NAT and after the completion of NAT using the same protocol of the Biograph mCT system (Siemens Medical Solutions USA Inc). Quality assurance and quality control procedures for the PET system were carried out accurately on a daily basis. Patients were instructed to fast for 5 hours before the examinations. Blood glucose levels were measured immediately before the injection of FDG. None of the patients had a blood glucose level \> 200 mg/dL. FDG was intravenously injected at a dose of 4.0 MBq/kg of body weight. PET scans were started after the uptake time (60 or 75 minutes), which was the same before and after NAT for each patient. Immediately after performing low‐dose plain CT for attenuation correction and anatomic localization, PET scans were obtained from the groin to the head for 120 seconds for each bed position in the three‐dimensional mode. The PET images were reconstructed using the three‐dimensional ordered subsets expectation maximization method with a 256 × 256 matrix, 3 iterations, 21 subsets, and a Gaussian filter of 6‐mm full width at half maximum.

2.4. PET analysis {#cam43044-sec-0010}
-----------------

FDG PET/CT images were retrospectively reviewed by two experienced nuclear medicine physicians (each with more than 8 years of experience in oncologic FDG PET/CT) who were blinded to the other imaging results and clinical as well as histopathological data. The commercially available software package GI‐PET (AZE Co., Ltd.) was used to objectively assess the treatment response based on PERCIST version 1.0.[^16^](#cam43044-bib-0016){ref-type="ref"}, [^17^](#cam43044-bib-0017){ref-type="ref"} The maximum standardized uptake value (SUVmax) was obtained, defined as the maximum single‐voxel intensity in the hypermetabolic lesion. Two parameters, the peak standardized uptake value corrected for lean body mass (SULpeak) and total lesion glycolysis (TLG), were used in PERCIST. The software automatically calculated these parameters within the entire primary tumor when a spherical region of interest (ROI) was drawn to encompass the primary lesion. In brief, the peak standardized uptake value (SUVpeak) was calculated in a 1.2‐cm‐diameter ROI placed on the hottest point of the tumor; the value was then normalized to the SULpeak (SUVpeak × \[lean body mass\]/\[total body mass\]) matched for Japanese individuals. The SULpeak was also used to determine whether that value for the tumor was \> 1.5 times that of the mean liver SUL value + 2 standard deviations (SD); the mean liver SUL value was defined considering a 3‐cm‐diameter spherical ROI in the normal right lobe of the liver. MTV was defined as an FDG‐avid tumor volume with a threshold that is at least 1.5 times greater than the mean liver SUL value ± 2 SD. TLG was calculated as follows: SULmean × MTV (where SULmean represents the mean SUL value).

2.5. PERCIST {#cam43044-sec-0011}
------------

The PERCIST considers the percentage change in the SULpeak between the pre‐ and posttreatment scans[^24^](#cam43044-bib-0024){ref-type="ref"} as follows: progressive metabolic disease (PMD), \>30% increase in the SULpeak; stable metabolic disease (SMD), \<30% decrease or \< 30% increase; partial metabolic response (PMR), \>30% decrease; and complete metabolic response (CMR), complete disappearance of the SULpeak. According to these criteria, patients were considered responders (PMR and CMR) and nonresponders (PMD and SMD).

2.6. Pathological treatment response {#cam43044-sec-0012}
------------------------------------

The PTR was evaluated using hematoxylin and eosin staining of resected tumor sections; the findings were reviewed by an experienced pathologist who was blinded to the patient treatment and outcomes. Tumor cellularity, ie, the extent ratio of viable residual tumor cells at the primary tumor site, was assessed based on the estimated percentage of viable residual tumor cells compared with the tumor bed.

The PTR was classified into four categories based on the tumor cellularity, according to the College of American Pathologists,[^27^](#cam43044-bib-0027){ref-type="ref"} as follows: Grade 3, poor response defined as \> 50% cellularity; Grade 2, moderate response defined as \< 50% and \> 10% cellularity; Grade 1, marked response defined as \< 10% cellularity; and Grade 0, complete response defined as the complete disappearance of the tumor cells. According to these classifications, patients were considered responders (those with PR and CR as well as PMR and CMR with a Grade 0‐2; residual cellularity \< 50%) and nonresponders (Grade 3).

2.7. Statistical analysis {#cam43044-sec-0013}
-------------------------

Statistical analysis was performed using IBM SPSS statistics version 25.0 (IBM Japan, Tokyo, Japan). The paired *t* test was used to determine whether clinicopathological parameters were significantly different before and after NAT. The concordance rates and sensitivity were compared between PERCIST and RECIST using the McNemar test. The Pearson correlation coefficient was calculated. Paired *t* tests were used to compare the following:

\(i\) the absolute value of the difference between the tumor diameter change on CT scan before and after treatment and cellularity.

(i) = \|post‐NAT tumor size/pre‐NAT tumor size × 100 (%) − cellularity (%)\|

\(ii\) the absolute value of the difference between the SULpeak change rate on the PET/CT scan before and after NAT and cellularity.

(ii) = \|post‐NAT SULpeak/pre‐NAT SULpeak × 100 (%) − cellularity (%)\|

The optimal cut‐off values for continuous variables were estimated using receiver operating characteristic (ROC) curve analysis with the area under the curve (AUC). Relapse‐free survival (RFS) and overall survival (OS) were measured from the date of NAT initiation to the date of recurrence and the date of the last follow‐up, respectively. Kaplan--Meier curves for RFS and OS were generated, and comparisons between groups were performed using the log‐rank test. Variables with *P*‐values \< .10 on univariate analysis were entered into a forward, stepwise backward multivariate Cox proportional hazards regression model to identify independent prognostic factors. Inter‐rater agreement of evaluation of treatment response between the two readers was analyzed using the Kappa coefficient. All statistical tests were two‐tailed, and *P*‐values \< .05 were considered significant.

3. RESULTS {#cam43044-sec-0014}
==========

3.1. Patient characteristics {#cam43044-sec-0015}
----------------------------

A total of 22 patients underwent PET/CT examination before and after NAT at our hospital (Figure [1](#cam43044-fig-0001){ref-type="fig"}). The patient characteristics are shown in Table [S1](#cam43044-sup-0002_TableS1-S3){ref-type="supplementary-material"}. The median age was 70 years (range, 48‐78 years), and the male‐to‐female ratio was 17:5.

![Representative FDG PET/CT examination before and after neoadjuvant therapy (NAT) revealed a significant decrease in FDG uptake in the tumor (arrow)](CAM4-9-4059-g001){#cam43044-fig-0001}

The tumor type was R‐PDAC, BR‐PDAC, and UR‐PDAC in 10, 11, and 1 case, respectively. As preoperative treatment, NACRT was performed in 18 and NAC in 4 cases. R0 resection was performed in 14 cases. The imaging parameters are shown in Table [1](#cam43044-tbl-0001){ref-type="table"} and Figure [2](#cam43044-fig-0002){ref-type="fig"}.

###### 

Imaging parameters pre‐ and post‐NAT and the reduction rate P‐values were estimated using the paired *t* test

  Parameter    Pre‐NAT         Post‐NAT        *P*      Reduction rate   
  ------------ --------------- --------------- -------- ---------------- ------------
  Tumor size   25.8 ± 6.7      22.7 ± 5.5      .002     9.6              −16.9‐38.6
  SUVmax       6.42 ± 2.52     4.04 ± 2.05     \<.001   38.8             −31.5‐73.3
  SULpeak      4.18 ± 1.59     2.43 ± 1.51     \<.001   43.2             −20.0‐100
  MTV          14.66 ± 10.98   5.37 ± 6.62     0.001    65.2             −34.0‐100
  TLG          48.04 ± 45.67   14.72 ± 21.11   0.001    64.7             −13.6‐100

Abbreviations: MTV, metabolic tumor volume; NAT, neoadjuvant therapy; SULpeak, peak standardized uptake value corrected for lean body mass; SUVmax, maximum standardized uptake value; TLG, total lesion glycolysis.

John Wiley & Sons, Ltd

![Waterfall plot analysis for the reduction rate of each parameter: tumor size, maximum standardized uptake value (SUVmax), and peak standardized uptake value corrected for lean body mass (SULpeak)](CAM4-9-4059-g002){#cam43044-fig-0002}

3.2. Comparing the prognostic utility of treatment response parameters {#cam43044-sec-0016}
----------------------------------------------------------------------

To determine the best indicator for distinguishing responders from nonresponders, AUC was performed for the reduction rate of each parameter; the AUC values for tumor size, SUVmax, SULpeak, MTV, and TLG were 0.478, 0.723, 0.786, 0.576, and 0.661, respectively (Figure [3](#cam43044-fig-0003){ref-type="fig"}). Among the 22 patients, the treatment response according to RECIST was PR in 9.1% of patients (2/22) and SD in 90.9% (20/22). In contrast, according to PERCIST, 22.7% (5/22) of patients had CMR, 40.9% (9/22) had PMR, and 36.4% (8/22) had SMD. The PTR was G3 in 36.4% (8/22) of patients, G2 in 54.5% (12/22), and G1 in 9.1% (2/22) (Table [2](#cam43044-tbl-0002){ref-type="table"}). Inter‐rater agreements of evaluation of treatment response between the two readers were more consistent for PERCIST than RECIST; Kappa coefficients were 1.000 and 0.365, respectively.

![Analysis of receiver operating characteristic (ROC) curves to determine the best indicator for predicting the pathological treatment responders. The area under the ROC curve (AUC) values for the reduction rate of tumor size, maximum standardized uptake value (SUVmax), peak standardized uptake value corrected for lean body mass (SULpeak), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) were 0.478, 0.723, 0.786, 0.576, and 0.661, respectively](CAM4-9-4059-g003){#cam43044-fig-0003}

###### 

Treatment response according to the RECIST, PERCIST, and PTR. The patients were considered responders (CR and PR according to RECIST, CMR and PMR according to PERCIST, and G3 according to PTR) and nonresponders (PD and SD according to RECIST, PMD and SMD according to PERCIST, and G0‐2 according to PTR)

                            PTR       Sensitivity, %   Specificity, %   Concordance rate, %                 
  --------- --------------- ----- --- ---------------- ---------------- --------------------- ------ ------ ------
  RECIST                                                                                      7.1    87.5   36.4
  PD        Nonresponders   0     0   0                0                0                                   
  SD        7               12    1   0                20                                                   
  PR        Responders      1     0   1                0                2                                   
  CR        0               0     0   0                0                                                    
  Total     8               12    2   0                22                                                   
  PERCIST                                                                                     78.6   62.5   72.7
  PMD       Nonresponders   0     0   0                0                0                                   
  SMD       5               3     0   0                8                                                    
  PMR       Responders      2     7   0                0                9                                   
  CMR       1               2     2   0                5                                                    
  Total     8               12    2   0                22                                                   

Abbreviations: CMR, complete metabolic response; CR, complete response; PD, progressive disease; PERCIST, Positron Emission Tomography Response Criteria in Solid Tumors; PMD, progressive metabolic disease; PMR, partial metabolic response; PR, partial response; PTR, pathological treatment response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease; SMD, stable metabolic disease.

John Wiley & Sons, Ltd

For comparing the concordance rates between responders and nonresponders, PERCIST and PTR (72.7% \[16/22\]) were significantly superior to RECIST and PTR (36.4% \[8/22\]) (*P* = .017; Table [S2](#cam43044-sup-0002_TableS1-S3){ref-type="supplementary-material"}). Furthermore, PERCIST was more sensitive for predicting cases with residual cellularity \< 50%, observed in 78.6% of patients (11/14), than was RECIST (7.1% \[1/14\]) (*P* \< .001; Table [S2](#cam43044-sup-0002_TableS1-S3){ref-type="supplementary-material"}).

The change rate for the tumor size, SUVmax, and SULpeak revealed weak correlations with cellularity (*r* = .159, *r* = .454, and *r* = .426, respectively; Figure [S1](#cam43044-sup-0001_FigS1){ref-type="supplementary-material"}). On comparing the absolute difference between cellularity and the change rate for each parameter using the paired *t* test, SULpeak (35.96 ± 22.88 \[95% confidence interval (CI), 25.81‐46.10\]) and SUVmax (39.05 ± 23.62 \[95% CI, 28.57‐49.52\]) more accurately reflected cellularity than did RECIST (62.77 ± 26.71 \[95% CI, 50.93‐74.61\]; *P* \< .001 and *P* = .001, respectively).

3.3. Survival analysis {#cam43044-sec-0017}
----------------------

At the time of analysis, 11 patients (50.0%) had recurrence and 8 (36.3%) had died. The median follow‐up from the date of NAT initiation was 35.5 months (range, 8.0‐54.4 months) for all 22 patients at the last follow‐up. The median OS and RFS were 39.0 months and 22.0 months, respectively.

The cut‐off values for reduction rate changes in SUVmax, SULpeak, MTV, and TLG to recurrence and survival were examined using ROC curve analysis. MTV showed good predictive performance for recurrence and survival, consistently better than SUVmax, SULpeak, and TLG. The AUC recurrence and survival values were 0.793 and 0.777 for MTV, 0.463 and 0.500 for SUVmax, 0.558 and 0.554 for SULpeak, and 0.669 and 0.634 for TLG, respectively (Figure [4](#cam43044-fig-0004){ref-type="fig"}).

![Analysis of receiver operating characteristic (ROC) curve to determine the best indicator for predicting recurrence (A) and prognosis (B). For recurrence, the area under the ROC curve (AUC) values for the reduction rate of tumor size, maximum standardized uptake value (SUVmax), peak standardized uptake value corrected for lean body mass (SULpeak), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) were 0.678, 0.463, 0.558, 0.793, and 0.669, respectively. For survival, the AUC values for reduction rate of tumor size, SUVmax, SULpeak, MTV, and TLG were 0.643, 0.500, 0.554, 0.777, and 0.634, respectively](CAM4-9-4059-g004){#cam43044-fig-0004}

A 50% cut‐off value for the MTV reduction rate yielded the largest difference in RFS and OS between responders and nonresponders in the Cox regression analysis (hazard ratio \[HR\], 3.922, *P* = .044; and HR, 7.092, *P* = .068). Patients with \> 50% reduction in MTV showed significantly longer 1‐year and 3‐year RFS (91.7% and 68.8% vs 50.0% and 20.0%, *P* = .029) and OS (100.0% and 87.5% vs 90.0% and 45.0%, *P* = .032) than patients with \< 50% reduction in MTV (Figure [5](#cam43044-fig-0005){ref-type="fig"}). A significantly greater number of responders underwent NAC (*P* = .039) and longer NAT duration than nonresponders (*P* = .048). There was no significant difference in the other parameters between the groups (Table [S3](#cam43044-sup-0002_TableS1-S3){ref-type="supplementary-material"}).

![Survival curve using the Kaplan‐Meier method. A, The relapse‐free survival curve of patients with the metabolic tumor volume (MTV) reduction rate with a 50% cut‐off value. B, Overall survival curve of patients with the MTV reduction rate with a 50% cut‐off value](CAM4-9-4059-g005){#cam43044-fig-0005}

On univariate Cox regression analysis, sex and MTV reduction \< 50% were significant predictors for RFS; tumor differentiation grade, tumor size, and MTV reduction \< 50% were significant predictors for OS. On multivariate Cox regression analysis, MTV reduction \< 50% (HR, 3.922 \[95% CI, 1.040‐14.71\]; *P* = .044) was an independent predictor for RFS (Table [3](#cam43044-tbl-0003){ref-type="table"}). Tumor differentiation grade (HR, 3.069 \[95% CI, 1.37‐6.89\]; *P* = .007) and MTV reduction \< 50% (HR, 14.085 \[95% CI, 1.44‐14.29\]; *P* = .023) were independent predictors for OS (Table [3](#cam43044-tbl-0003){ref-type="table"}).

###### 

Univariate and multivariate Cox regression analyses of prognostic factors for relapse‐free survival and overall survival

  Variables                       Relapse‐free survival   Overall survival                                                                      
  ------------------------------- ----------------------- ------------------ ------- ------------- ------ ------- ------ ------- -------------- ------
  Gender                          0.297                   .090                                     .266   2.343   .246                           
  SUVmax reduction rate \< 50%    1.319                   .686                                            1.511   .618                           
  SULpeak reduction rate \< 50%   1.818                   .380                                            1.211   .817                           
  MTV reduction rate \< 50%       3.922                   .044               3.922   1.040‐14.71   .044   7.092   .068   14.08   1.439‐14.286   .023
  TLG reduction rate \< 50%       1.522                   .490                                            1.473   .585                           
  Tumor differentiation grade     1.409                   .219                                            2.105   .026   3.069   1.366‐6.894    .007
  Pathological tumor size         0.694                   .422                                            0.319   .089                          .903
  R1 resection                    1.919                   0284                                            2.889   .140                           

Abbreviations: CI, confidence interval; HR, hazard ratio; MTV, metabolic tumor volume; SULpeak, peak standardized uptake value corrected for lean body mass; SUVmax, maximum standardized uptake value; TLG, total lesion glycolysis.

John Wiley & Sons, Ltd

4. DISCUSSION {#cam43044-sec-0018}
=============

The results of this study showed that PERCIST and SUVmax were superior to RECIST for determining the therapeutic effect of PDAC preoperative treatment. Moreover, the MTV reduction rate of \< 50% was an independent prognostic factor.

In this study, SULpeak was the best indicator for predicting patients who would become responders, considering the PTR and its accurate representation of cellularity. According to the RECIST, 1 of 2 patients with PR and 13 of 20 patients with SD were responders considering the PTR. PERCIST classified using SULpeak is superior to RECIST in determining the therapeutic effect of NAT on PDAC. The pancreas is a fibrous‐rich organ, which is better evaluated using ultrasonography,[^28^](#cam43044-bib-0028){ref-type="ref"} and PDAC is rich in fibrous components that are denatured and replaced by fibrous interstitial cells even if the number of actual tumor cells decreases after NACRT,[^29^](#cam43044-bib-0029){ref-type="ref"} which might correspond to poor changes in tumor size on CT scans. Accordingly, underestimating the therapeutic effect may result in delays in performing curative resection, thereby leading to cancer progression due to inefficient treatment.

In this study, the reduction rate of MTV before and after NAT was a better predictive parameter for recurrence and survival than other imaging parameters such as tumor size, SUVmax, SULpeak, and TLG according to ROC analysis. In addition, multivariate analysis showed that the MTV reduction rate was an independent prognostic factor for OS and RFS. Although there are some reports that PET parameters of the primary tumor or after NAT are associated with prognosis in advanced pancreatic cancer,[^21^](#cam43044-bib-0021){ref-type="ref"}, [^25^](#cam43044-bib-0025){ref-type="ref"} there are no reports analyzing the association between PET parameters and prognosis only in resected PDAC cases treated with NAT; our study is the first such report. MTV is an effective prognostic predictive parameter and a volume index that reflects the size and extent of tissue with high glucose metabolism. In fact, SUVmax is less reproducible owing to the susceptibility of statistical noise because of a single point value of glucose metabolism and does not reflect the tumor viability of the entire tumor.[^16^](#cam43044-bib-0016){ref-type="ref"} The discrepancy that MTV was useful for predicting prognosis but a poor factor for predicting PTR is probably because PTR is not necessarily a prognostic factor. In fact, \<5% of residual tumor cells on pathological examination is reported as a good prognostic factor for PDAC,[^30^](#cam43044-bib-0030){ref-type="ref"} but cases with \< 5% are very rare. In this study, one of two patients with G1, according to the PTR, experienced early recurrence, and PTR was not a prognostic factor. To predict the NAT therapeutic effect and prognosis on PDAC, evaluation of several FDG PET/CT parameters might be important.

This study had several limitations. First, we focused on cases treated with curative resection to investigate the correlation with histopathological treatment effects. According to our institution protocol, patients evaluated as having PD according to RECIST continued chemotherapy; therefore, they did not undergo curative resection or participate in the study. Accordingly, no patients had PD according to RECIST or PMD according to PERCIST in this study, but future studies are required for such patients. Second, this was a retrospective study with a heterogeneous study population. In addition, PERCIST can be used for evaluation only when PET/CT is performed using a consistent protocol. This criteria led to the exclusion of nearly half of the patients, which limited the sample size; thus, further prospective investigations in a larger number of cases are required. Finally, as PET/CT is expensive, this increases the medical costs, and not all patients might be able to undergo PET/CT before surgery.

In conclusion, PERCIST more accurately reflected NAT's therapeutic effect on PDAC than RECIST. In addition, the change rate of MTV on PET/CT before and after NAT was an independent prognostic factor for PDAC. The precise evaluation of the PET/CT parameters may allow more appropriate prognostic stratification of PDAC, which leads to effective treatments for patients with PDAC.
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